Abstract. Amini F, Askary M, Mohtashami F. 2018. Effects of salinity and external proline on seed germination and early growth of . Salinity is one of the important abiotic stresses that has an adverse effect on plant productions. High salt concentrations had negative effects on plant processes such as seed germination, seedling growth and turgescent, vegetative growth, flowering and fruiting stages. Proline as a compatible solution plays an important role in defense mechanisms of cellular stress. This study was done to evaluate effects of proline pretreatment (0 and 20 mM) in terms of salinity (0, 50, 100 and 150 mM) on cucumber cv. super ps. The obtained results proved that salinity treatments had significant effects on seed germination rate. On the contrary, application of proline had no significant effect on germination percentages of control and salt-stressed seeds. The root fresh weight and length of plant reduced with salinity increment while proline treatment had positive significant effects on the root dry as well as the fresh weight. Although, no significant variation was found in the root length and dry weight of cultivars treated with proline under salinity stresses. Meanwhile, the shoot length and dry weight of plants declined after salt-stressed treatments. While this condition increased the fresh weight of shoot. Proline treatments increased all of observed parameters but there were no significant variation found in the root length or dry weight of plants treated under saline stresses. The total soluble carbohydrate of plants had positive significant correlation with salt concentration, but the application of proline declined carbohydrate amounts in both salt-stressed and non-stressed plant. Salinity stress increased sodium, proline, protein contents and CAT enzyme, GPOX as well as MDA concentrations, while in the proline-treated plants salinity stresses had no significant effect on CAT, GPOX, MDA concentrations and internal proline amount.
INTRODUCTION
Recently, the freshwater availability for agricultural activities is reduced in different parts of the world, because the water needs increase for industries and municipalities activities. Therefore, agriculture procedures face main challenges of using low-quality wastewater and also saline water for crop production. Previous studies (Rhoades et al. 1992 : Wan et al. 2010 showed that these unsuitable resources of water for irrigation can be used successfully to grow plants without long-term hazardous consequences to crop plants and soils if suitable strategies of management are applied. The main strategies in this case were; technology of adopting advanced irrigation, selecting appropriately salt-tolerant crop plants, leaching salts under the zone of crop plant root. The salt-tolerant plant uses more or less constant water efficiently. However, it shows a decrease in water use efficiency with salinity increment, especially for the sensitive crops, they decline stronger than the evapotranspiration. This variation can mainly be attributed to various strategies of agronomy, soil as well as water management (Katerji et al. 2003) .
Cucumis sativus L. is a species of Cucurbitaceae family. The plant is an annual, fleshy, rather coarse, prostrate or climbing vine. Hisahiro et al. (2008) stated that various parts of this species are used for traditional medicines to treat different disorders such as headache, cooling, and diuretic, nutritive and demulcent, and emetic in acute indigestion in children. In different references, several biological activities of different parts of this plant have shown. The main usage was applied as antidiabetic, antiulcer, moisturizer, antioxidant and analgesic properties (Prashant et al. 2005; Karthiyayini et al. 2009 , Swapnil et al. 2012 . Furthermore, many investigators (Elisha et al. 1987; Minaiyan et al. 2011) have believed that the extract of its seed was useful in controlling the body weight loss in diabetic rats and also had anti tapeworm's activity. Cytotoxic, antifungal (Joysree et al. 2012 ) and antibacterial (Tang et al. 2010 ) activities have been reported from leaves and stem extracts. Phytochemical investigations showed that different components such as cucurbitasides B, C, ferredoxin, α-amyrins, β-amyrins, and sitosterol were contained in its seeds or leaves (Joshi 2003; Nadkarni et al 2005) . Former investigations (e.g. Sivritepe et al. 2003) , proved that saline stress decreases plant growth, and this phenomenon may either be due to the decreased availability of water or the toxicity of sodium chloride (Munns et al. 2002) .
As yet, different cultivars of Cucumis sativus have been introduced, which are cultivated in different parts of the world. This investigation was designed to identify the proline role in alleviating saline condition in Cucumis sativus cv. super ps by measuring shoot and root dry as well as fresh weight, proline, malondialdehyde (MDA), sodium (Na + ), potassium (K + ), proline, catalase (CAT) and protein contents in the salt-stressed plant samples supplied with and without proline. For this three suppositions were investigated, they were: (i) examination the effect of salt stresses on biochemical and morphological features of plant, (ii) the proline supply could ameliorate the growth of shoot and root and improved physiological status of plant, (iii) the proline supply could participate with the salt, therewith diminish the toxic reposition of sodium in tissues of plant.
MATERIAL AND METHODS
This experiment was carried out in Arak University, Arak, Iran. The seeds of Cucumis sativus cv. super ps were cultured in petri dish and placed in the chamber of growth under photoperiod 16/8h (day/night) and temperature of 25ºC. The sterilized seeds were divided into two groups: the seeds of first group were treated with proline 20 mM for 8h. The other group was soaked in distilled water for 8h. Afterward, the seeds of both groups were cultured in petri dish under 4 concentrations of NaCl treatments (0, 50,100 and 150 Mm).
Plant sampling
Seven days after the salt stress, plant materials were collected. Three plants per treatment were taken to study morphological performances (root and shoot length, dry and fresh weights) and also biochemical contents (CAT, MDP, soluble carbohydrate, protein, proline, sodium and potassium contents) characters.
Plant dry and fresh weight determination
The treated and control plants were collected, rinsed, blotted and then divided into the shoot and root. For measurement fresh weight of sample, they were directly placed on weighting machine. In order to identify dry weight of plant parts, the divided samples were dried in an oven at 70°C for 48 hours. Enough amounts of plant materials were stored for other measurements.
Determination of proline, GPOX, MDA, total soluble carbohydrate and protein content
The analyses of proline contents were determined using Bates et al. (1973) method. GPOX (glutathione peroxidase) and CAT activities were estimated according to Polle et al. (1994) and Cakmak and Marschner (1992) methods, receptively. In addition, the method of Bradford (1976) was used for estimating the protein content. In this, bovine serum albumin used as the standard. The MDA content was determined using the thiobarbituric acid reaction. The method was described by Heath and Packer (1968) . The method of Dubois et al. (1956) was used to measure the amount of total soluble carbohydrate.
Sodium and potassium determination
The method of Qadar (1995) was used for the extraction and determination of the contents of sodium and potassium. For this, the atomic absorption spectrophotometer (CE 4400 UV VIS Double Deam Scanning Spectrophotometer) was used.
Estimating the rate and mean time of seed germination
By using the following equation the rate of seed germination was determined. FPG = n/N×100 (Adkins et al. 1984) .
Where: n: the number of germinated seed, N: total seed number:
The below formula was used to calculate the mean time for seed germination:
Where: d: the day number, n: total number of germinated seed and ∑n: total number of germinated seed in the d-day (Ellis and Roberts 1981) .
Statistical analyses
These experiments were arranged as the completely randomized block design with two factors salinity (four levels) and proline (two levels) with three replications. The obtained results were analyzed using SPSS ver. 16 and also excel software.
RESULTS AND DISCUSSION

Results
Salinity treatments had significant effects on the seed germination rate. Its lowest amount was recorded in NaCl 150 Mm, while, proline treatment had no significant effect on germination percent of control and salt-stressed seeds. Meantime of seed germination did not change in the stressed plants with NaC l50 Mm, by the amplification of salinity stresses (100 and 150 mM) its time growth by 12.93% and 34.4%, respectively. Furthermore, significant differences were recorded in the germination mean time of proline-treated seed (Figure 1.A, B) .
The fresh weight and length of root reduced with salinity increment (Figure 2.A) . Maximum decline of both fresh weight and length of root were observed in NaCl 150 mM. Root dry weight decreased nearly by 33.33% and 83.33% in the presence of NaCl 100 and 150 mM, respectively. However, treatment with proline had positive significant (p ≤ 0.01) effects on root dry as well as fresh weight. Lengths, fresh and dry weight of shoot in the treated cucumber with proline were increased by 123.43%, 45%, and 100%, respectively.
The decrement of shoot length in the stressed samples with NaCl 100 and 150 mM were nearly 66.19% and 76.37%, respectively (Figure 2.B) . Shoot fresh weight in the presence of NaCl 50 mM increased nearly by 139% in comparison with control plants (Figure 2.C) . Although, no significant difference was observed in dry weight of shoot in NaCl 100 mM, it weight decreased by 66.66% in the treated cucumber with NaCl 150 mM.
No significant variation was found in the root length or dry weight in proline-treated cultivar under salinity stresses. In comparison to untreated plant, the development of root fresh weight in the treated cucumber with proline under salinity 50 mM was 52.3%. While, no significant difference was recorded under salinity stresses 100 and 150 mM. Under NaCl 50 mM, the treated sample with proline enlarged their shoot nearly by 200%, while other salinity stresses did not have any significant variation compared with control ones. This condition held true for fresh stem weight. This feature in proline-treated cucumber under salinity stress 100 mM was grown by 193.5%.
Concentrations of MDA had a positive significant correlation with salt stresses. Moreover, MDA concentrations were amplified by 44.44% (in 50 mM), 77.77% (in 100 mM) and also 111.1% (in 150 Mm) in the salt-stressed plants.
Significant negative correlations (p≤ 0.01) were found between protein content of the sample aerial parts with salinity. Its amount decreased under NaCl 100 and 150 mM by 36.34% and 45.5%, respectively (Figure 3.A) . While, salinity had positive affects on the internal proline, therefore, its amount maximized by 34 and 41.11% at the NaCl 100 and 150 mM. 
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Total soluble carbohydrate had a positive significant correlation with salt concentration. Its amount in NaCl 100 and 150 mM increased by150 and 171%, respectively. In the proline-treated Cucumis sativus, total carbohydrate declined by 51%. The decrement of carbohydrate amounts of the proline-treated cucumber in 50, 100 and 150 mM of salt stresses were 33.33, 37.06 and 51.53%, respectively (Figure 3.B) .
Significant variations (p=0.01) were found between sodium as well as potassium contents of the cell with the increment of salinity stress. On the other hand, the internal sodium content amplified up to 58.27%, while the percentage of potassium was minimized by 32.28%.
Salinity stresses had significant positive effects (p=0.01) on the contents of internal proline, protein, potassium, CAT enzyme, GPOX as well as MDA concentrations. With increment of salinity, the cell membrane permeability, intercellular sodium, sodium / potassium ratio and also MDA concentrations were minimized compared to control plants (Figure 3.C) .
In the proline-treated plants, salinity stresses had no significant effects on CAT, GPOX, MDA concentrations, and internal proline amounts. But, in these plants, saline stresses had a significant impact on potassium and sodium contents, sodium/ potassium ratios, cell membrane permeability, and protein contents. On the fact that, some factors, such as sodium/ potassium ratio, sodium content and cell membrane permeability were diminished, however other mentioned factors were developed.
Discussion
The obtained results proved that salt stress can affect the overall growth of the plant, either weight or length. The shoot as well as root weights decreased under salinity. In this cultivar, root fresh and also dry weights were more affected than those of the shoot. These findings were in agreement with some previous studies (Mumtaz et al. 2013; Puvanitha and Mahendran 2017; Tunçtürk et al. 2018 ). The result of these studies showed that the decrease of all plant growth parameters due to decrement in weight of dry root and shoot, and stem elongation. It is important to know that the salt treatment effect was more pronounced on the dry weight of root than dry weight of the shoot. There were several reasons for these conditions, but it seems that the main reason is due to more water loss from the root than shoot during salt stress. Lechno et al. (1997) stated that the negative salt's effect on dry biomass of shoot may be due to stomatal closure, which controls the loss of water from the shoot. Salt treatments make osmotic changes in the tissue of leaves or affect the concentration of leaf CO2 which, leads towards stomata closure. Moreover, elongation of the shoot and root decreased under salinity stresses. This condition amplified with an increment in salt concentration, so plant treated with highest salinity stress had smallest root and shoot. Liu et al. (2015) found that the reduction in root, as well as shoot growth and development, may associate on elongations of cells. These processes may be directly affected by the salt stress.
Salt stress had a positive effect on the concentration of sodium in cell, while its effect on potassium content was reversed. These conditions did not hold true for prolinetreated plant under salinity stresses. The results showed that presence of proline in salinity-treated plants reduced sodium content. These findings were in agreement with Kaya et al. (2007) studies on melon plants. They found that the proline addition benefit is a decline in contents of Na+ in this plant. However, in Huang et al. (2009) study on Cucumis cv. Jinchun No. 2 plants, no decrement of sodium contents were recorded in the proline-treated plant in saline condition.
In salt-stressed cucumber plants, the amount of Malondialdehyde (MDA) increased. MDA is found in the biomembranes, and is the decomposition product of polyunsaturated fatty acids. The compound is used as a lipid peroxidation indicator and studies confirmed that it accumulates under saline condition (Zhu et al. 2008) . Our findings confirmed this idea. Elkahoui et al. (2005) reported that the peroxidation of lipids has been associated with the damage provoked by a variety of environmental stresses and this phenomenon is used as line-induced oxidative damage indicator. The addition of proline to either control or under saline samples declined MDA content. Our obtained results confirmed Huang et al. (2009) findings in the Cucumis cultivar ''Jinchun No. 2" and also Jain et al. (2001) in Arachis hypogaea L. cell lines. They suggested that application of exogenous proline decreases the MDA amount in salt-stressed samples. It seems that the enhanced salt tolerance of cucumber by exogenous proline is related to lipid peroxidation.
The CAT activity increased with an increment of NaCl concentration. Although, no significant variation was observed in its activity under moderate salt stress, at presence of NaCl 100 and 150mM the activity of CAT amplified significantly. However, salt stress did not have a significant effect on the activity of this enzyme in the proline-treated plants. These were concurred with Khedr et al. (2003) observations in Pancratium maritimum L., but did not agree with Huang et al. (2009) findings in Cucumis cv. Jinchun No. 2. They observed that the activity of CAT was not differed by the usage of exogenous proline.
Salinity stress had a positive effect on the non-structural carbohydrate amount. With increment of salinity, the amount of carbohydrates was amplified, while proline contents was decreased. It seems that stress amplifies the dissolved carbohydrate in the plant cell. These findings were in agreement with previous studies. Bartels and Ramanjulu (2005) reported that under saline stress, dissolved carbohydrates, e.g. Sucrose and Hexanes were accumulated. These conditions were observed in several plant species such as tomato (Amini and Ehsanpour 2005) and Hordeum Vulgar L. (Bagheri and Sadeghipour 2009) . The increasing of starch hydrolyzes and sucrose synthase are the main reason for the increment of soluble carbohydrates. This process regulates osmosis adjustment in plants which were under environmental stresses. The rate as well as time of seed germination enhanced in saltstressed plant. Former studies on different plant species such as Vigna radiate L. and Lens culinaris (Kazerouni et al. 2005) , Elymus junceus (Askarian 2004) , Sorghum bicolor L. and Pennisetum americanum L. (Khalesro and Aghaalikhani 2006) had similar results. Investigations of Alebrahim et al. (2008) confirmed that reduction of osmotic potential with ionic poisonous is the main reasons.
In our studied Cucumis cultivar, salinity stresses minimized the protein content of the cell, but the application of proline reduced diminution of it. This condition was also observed in different plants such as Helianthus annuus and Colcus blumei (Yu and Rengel 1999) , Vicica faba and Amaranthus (Doganlar et al. 2005) . Although and Merril (1990) believed that reduction of protein is a prevalent phenomenon in many plant species. However amplification of protein was reported in some species, for example, Gossypium hirsutum L. (Jiang et al. 2005) and Pancratium maritimum (Khedr et al. 2003) .
